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JAPANESE BEETLES 



Mults of the Japanese beetle usually emerge in Ontario 
during the first two weeks of July. As adults, they live for 
30 to 45 days and feed on a wide variety of plants. After mating, 
the fanale will crawl into the soil 1-4" deep, and lay her eggs 
usually one to four in a given location. Each female will lay 40 
to 60 eggs. Larvae hatch in two to three weeks and the grubs go 
through three ins tars before winter. During these three larval 
instars, the grubs feed on the roots of grasses in the top three 
inches of soil. As the soil temperature drops below 60° F, the 
larvae will migrate downward and pass the winter below the frost 
line. Thus the population is largely first ins tar larvae in late 
August and early September; second instar larvae late September, 
early October; third instar larvae in late October, early November. 
As the soil temperature warms in the spring, the third instar larvae 
approach the soil surface again and do a significant amount of feed- 
ing before transferring to the perpupal stage, then to pvpae, and 
later emerging as adults. 

The Japanese beetle was first recorded in the United States 
in 1916. It soon spread rapidly throughout the eastern and north 
central part of the United States and has been present in Canada 
since the early 1930*s. The Division of Plant Protection has con- 
ducted trapping for the Japanese beetle since 1935 and soil treat- 
ments for control (eradication) of larvae have been carried out 
since 1941. In the early days, the treatment used was lead arsenate 
at the rate of 500 lbs per acre. From 1949 to 1955, 50% wettable 
EOT was used at the rate of 50 lbs per acre. From 1956 to 1965, 
dieldrin was used at the rate of 30 lbs per acre of 10% granular 
material. Since that time, chlordane has been used at the rate of 
8 lbs active ingredient per acre. The insect has been present in 
many areas in Ontario and in addition, has been reported from Quebec 
and Halifax, Nova Scotia. Treatments in Ontario have been conducted 
jointly by the Division of Plant Protection, Ottawa, and the Farm 
Products Inspection Branch, Ontario Ministry of Agriculture and Food. 
Acreages treated each year have been relatively small as indicated in 
Table 1 for the period 1966 through 1972. 



Table 1. Treatment for eradication of the 
Japanese beetle, 1966-72 



Location Years Acres 

Rockport, Ivylea 1968; 70; 72 42 

Belleville 1970 100 

St. Catherines 1966; 67; 68 125 

Niagara Falls 1967; 68 1000 

Fort Erie 1966; 67 115 

Dunnville 1971; 72 65 

Hamilton 1966 200 

Windsor 1966 10 

Treatment - chlordane, 8 lbs active ingredient per acre. 






Treatments for eradication of the Japanese beetle have 
normally been made in October. 

Research work on control of the Japanese beetle has been 
carried out largely in New York State and in Ohio. In these areas, 
it was learned that the cyclodiene insecticides: chlordane, aldrin, 
dieldrin, and heptachlor, provided effective control for Japanese 
beetle larvae. Tests in New York indicated that an application of 
chlordane at 10 lbs. active ingredient per acre or dieldrin at 
3 lbs active ingredient per acre would provide control for at least 
six years. More recently, Tashiro and Fieri (1969), conducted tests 
which convinced them that the rate of application for either of these 
aompounds could be reduced by a factor of three and satisfactory con- 
trol still be obtained. In 1972 Tashiro and Neuhauser discovered a 
population of Japanese beetles in New York State in Onondaga County 
that were resistant to chlordane (Tashiro and Neuhauser) , 1973) . In 
the same year, Japanese beetles resistant to the cyclodiene insecti- 
cides were also found in Ohio (Niemczyk and Lawrence, 1973) . In both 
the New York and Ohio studies, comparisons were made between the re- 
sistant Japanese beetles and susceptible populations. In each case 
it was demonstrated that the level of resistance was very high and 
that control with chlordane was no longer feasible. The Ohio study 
also reported on the toxicity of related cyclodiene insecticides: 
aldrin, heptachlor and dieldrin, to adults of the resistant and 
susceptible strains of the Japanese beetle. Their data showed that 
those insects resistant to chlordane were also resistant to the other 
cyclodiene insecticides. This work was extended in 1973 and tests 
were made on the larval stages with several cyclodiene insecticides. 
These tests confirmed that insects resistant to chlordane could not 
be controlled with dieldrin. 
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Chlordane-Resistant Japanese 
Beelle in New York 

H. Tashiro* and W. Neuhauser 2 



ABSTRACT 



The present c el a chlordanc-rcsistant Japanese 
beetle strain in Liverpool. Onondaga County, New 
York was established during the 1972 season. 

In laboratory tests at 25 C, holding third instar 
larvae in insecticide-treated soil indicated the pres- 
ence ni resistance also to dieldrin but not to lindane. 
Holding larvae in soil containing 64 ppm chlordane 
(approximately equivalent to 64 pounds Al/3-in acre) 
did not cause 100 per rent mentality in 4 weeks, the 
action expected with 4 ppm in susceptible larvae 
during I his interval. 

Comparison of a susceptible to the resistant first 
instar larvae in their response to chlordanc-treated 
sod revealed a sixlytold resistance factor. 

Beetles were collected from various localities to 
obtain eggs for determining insecticidal action on 
their first instar larvae. The resistant strain was 
prevalent within 0-2 miles of the original site where 
resistant larvae were first found. Occurrence of the 
resistant strain beyond this radius should be suspect- 
ed. 

Insecticidal applications to turf at the original site 
during late April 1972 followed by larval surveys at 4 
and 6.5 weeks post-treatment intervals also revealed 
that chlordane was not killing the larvae. 

INTRODUCTION 

Chlordane was first used for control of larvae of 
the Japanese beetle Popilla japontca Newman in turf 



in 1947 (2). In subsequent years, other chlorinated 
hydrocarbon insecticides; namely, aldrin. dieldrin, 
and heptachlor, were recommended for control of 
this and other scarabaeid larvae in turf. A single 
application of any of these materials has provided 
excellent control for several years. As examples, the 
European chafer Amphimallon majalis Ra/.oumowsky 
was still being controlled after 7 years when the study 
was terminated (4). Chlordane and heptachlor have 
controlled Pkyllophaga spp. and the northern masked 
chafer Cycloccphala borcalis Arrow for 1 2 years in 
Ohio (5). The first evidence of a species of Scara- 
baeidae being resistant to chlorinated hydrocarbon 
insecticides was discovered in larvae of the European 
chafer during May 1969 (6). 

A complaint was received during early April 1972 
from the Liverpool Golf and Country Club {suburb ol 
Syracuse, New York) that repeated applications ol 
chlordane during the past 3 years were not control 
ling Japanese beetle larvae. We immediately suspected 
species misidentification with presence ol a chlori- 
nated hydrocarbon-resistant European chafer popula- 
tion similar to that occurring in the Rochester area 
(6). However, upon visiting the golf course and 
examining the larvae, the presence of a Japanese 
beetle infestation was verified. The occurrence of a 
resistant strain of this species was immediately sus- 
pected. This would not be surprising in view ol the 
occurrence of the resistant strain of the European 
chafer (6). Dieldrin and chlordane have been used 
since early 1960 in Syracuse and much ol Onondaga 
County, New York for European chafer control on 
lawns. 

Field and laboratory studies were conducted dur- 
ing the spring and summer of 19 72 which verified the 
existence of a highly resistant strain. The results ol 
these studies follow. 



GENERAL PROCEDURES 

Laboratory Tests — During April 1972, third inslai 
larvae of the Japanese beetle were collected from the 
damaged turf of the golf course and were held in soil 
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at 2-5 C until needed for laboratory studies. Low 
concentrations (1-2%) gTanular or dust formulations 
of insecticides (except carbaryl 10G) were thoroughly 
incorporated along with a seed mixture (domestic rye 
and sweet clover) into moist friable sandy loam 
passed through Vt inch mesh. One-half cubic foot lots 
of treated soils were placed in five wooden trays 
(10.5 x 10.5 x 4 inches ID) and infested with larvae 
by placing them on the soil surface and permitting 
them to burrow ir Each tray received 25 or 30 
individuals. Examinations for survival were made by 
sifting the soil at weekly intervals from each tray to 
count the live larvae and returning them to the same 
soil for further incubation. 

For first instar tests, adults were collected during 
July and placed over finely screened moist soil in 
which to deposit eggs. Wild grape leaves were placed 
on the soil surface of oviposition cages as food for the 
adults. When mature eggs were available, they were 
transferred to insecticide-treated soils for hatching 
and insecticidal action on first instar larvae. Prepara- 
tion of soils was identical to that used for third instar 
tests except it was screened through 'A inch mesh. 
Most treatments for first instar tests consisted of 10, 
1 -quart clear plastic containers of soil. An egg was 
placed in each of 30 depressions of 3 mm diameter on 
lightly compacted soil and covered with 2-3 cm of the 
same soil preparation. 

All laboratory tests were conducted, including 
holding beetles for egg production, at a constant 
temperature of 25 C and day-night cycles of 16-8 
hours. Water was added to the soil surface when 
needed to maintain moist soil. 

Field Tests-Plots 20 x 20 feet were established on 
permanent turf with each treatment replicated five 
times in randomized complete block design. Pre- 
weighed amounts of insecticide were applied to each 
plot in both directions to insure complete and uni- 
form coverage. Granular formulations were applied 
with Scott's 2-foot spreaders, and aqueous suspen- 
sions were applied with sprinkling cans. Spring appli- 
cations made on April 28, 1972 were not watered in 
because of frequent rains. Soil surveys of five separate 
square foot diggings to a depth of 4-6 inches were 
made in each plot at two different periods to deter- 
mine populations of grubs following spring applica- 
tions. 

Summer treatments directed against the new brood 
of young larvae were superimposed over half of each 
spring plot when the new brood was 17 per cent eggs, 
70 per cent first instar, and 13 per cent second instar 
larvae. Due to inadequate populations in the untreat- 
ed plots during October 1972 surveys, no results were 
obtained from these summer treatments. 

RESULTS AND DISCUSSION 



Laboratory Tests on Third Instar Larvae-A prelim- 
inary test indicated clear evidence of resistance to 
chlordane. Therefore, larvae were exposed to three 
chlorinated hydrocarbon insecticides: chlordane, diel- 
drin, and lindane; three organophosphates: diazinon, 
chlorpyrifos, and pirimiphos-ethyl; and to the carba- 
mate, carbaryl. There were five trays of 25 larvae per 
treatment. Japanese beetle larvae of a susceptible 
strain were not available, and direct comparison 
between the resistant and a susceptible strain could 
not be made. However, all previous studies (unpub- 
lished data) have indicated that larvae held in chlor- 
dane and dieldrin-treated soil at 4 ppm were equally 
affected as when held in diazinon at the same level. 
Results shown in Table 1 indicate that all three- 
phosphate insecticides at 2 ppm were much more 
toxic than chlordane or dieldrin at 4 ppm. Chlordane 
was the less effective of the two. Evidence of resist- 
ance to lindane is questionable, but there appears to 
be some trend in this direction. 

A dose-mortality study was made by introducing 
larvae from the Liverpool Golf and Country Club into 
soils containing chlordane at levels of 0, 2, 4, 8, 16, 
32, and 64 ppm. Each treatment consisted of five 
trays of 30 larvae each. The results arc shown in 
Table 2. None of the treatments completely elimi- 
nated the larvae. Under the conditions of this test, 
100 per cent mortality would have been expected in 
4 weeks at both the 2 and 4 ppm rates had the larvae 
been of a susceptible strain. Instead, only 16 per ccni 
mortality was obtained with 4 ppm chlordane. At 64 
ppm, only 81 per cent mortality was obtained in 4 
weeks. In contrast, 84 per cent mortality was obtain- 
ed with 2.09 ppm for the same period in a test 
conducted by Tashiro and Fiori (8), Table 2. Had the 
1969 test been held at 25 C instead of at 21.5 C, the 
differences between these two tests would, no doubt, 
be even greater since the rate of insecticidal action is 
positively correlated with temperature. The results 
obtained in this dose-mortality test indicate that a 
substantial degree of resistance has developed in this 
Liverpool population. 

Laboratory Studies of First Instar Larvae— A com- 
parison was made of the toxicity of chlordane to first 
instar larvae from beetles collected at two different 
locations: from Waterloo, New York where the popu- 
lation was considered to be susceptible to chlordane, 
and from the Liverpool Golf and Country Club where 
resistant third instar larvae were present. After ma- 
ture eggs of each strain were available, they were 
placed in moist friable soil containing chlordane at 
the doses shown in Table 3. After 3 weeks at 25 C, all 
the eggs had hatched, and the oldest individuals in the 
untreated soil were second instar. The soil from all 
the containers was then screened at this time to 
recover the live larvae. All live individuals were 
considered normal, affected larvae having been killed 



Tabic 1.- Toxicity of soil incorporated insecticides to third in star Japanese beetle 
larvae of a suspected chlorinated hydrocarbon resistant strain. 1972. 



Insecticides and 


PPM AI 


% 


mortality, weeks exposure* 


,b 










formulation 


in toil 


1 


2 


3 


4 


Diazinon 2G 


2 


47 a 


97 a 


100 a 


100 a 


Chlorpyrifos 1C 


2 


64 a 


93 a 


96 a 


98 a 


Pirimiphos-ethyl 2.1G 


2 


16 b 


90 a 


99 a 


100 a 


Carbaryl 10G 


12 


71 a 


91 a 


97 a 


100 a 


Lindane 1% dust 


2 


59 a 


71 b 


85 b 


90 a 


Dieldrin 1% dust 


4 


15 b 


55 c 


63 b 


81 b 


Chlordane l%dust 


4 


1 be 


37d 


51 c 


49 b 


Untreated- no. alive from 












original 125 larvae 




106 c 


93 e 


79 d 


59 c 



*./ hive trays of 25 larvae/treatment, held at 25 C ambient. Mortalities based on Abbott's 

formula. 
Jl' Based on mean recoveries each week, figures for each week followed by the same letter 

are not significantly different at the 5 per cent level according to Duncan's multiple 

range test. 

Table 2. Degree of resistance of chlorinated hydrocarbon resistant third instar 
Japanese beetle larvae to chlordane. 1972. 
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mortality 
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exposure 


a.b 




PPM chlorda 














in soil 




1 




2 




3 


4 


2 




0a 




0a 




0a 


6a 


A 




0a 




0a 




4 a 


16 a 


8 




4a 




18b 




25 b 


33 b 


l«. 




12b 




25 b 




31 b 


32 b 


32 




17b 




38 b 




64 c 


75 c 


64 




34 c 




58 c 




67 c 


81 c 


Untreated -no. 


alive 














from original 




121 a 




100 a 




81 a 


63 a 


150 larvae 

















-i' rive trays of 30 larvae/treatment, held at 25 C ambient. Mortalities based on Abbott's 

.formula. 
Jl/ Based on mean recoveries each week, figures for each week followed by the same letter 

are not significantly different at the 5 per cent level according to Duncan's multiple 

range test. 



earlier during the young first instar period. Complete 
kill of the susceptible strain was obtained in soil 
containing 0.25 ppm chlordane, while it required soils 
containing 32 ppm chlordane to kill all of the 
resistant larvae. The 0.25 ppm chlordane required to 
produce 100 per cent mortality of the susceptible 
strain compares favorably with results reported by 
Klcming et al. (3) which indicate that 0.4 pound 
chlordane per 3-inch acre (approximately equivalent 
to .4 ppm) was required for 100 per cent mortality. 
By plotting the information shown in Table 3 on log 
probit scales to determine LD50 values, it was esti- 
mated that there was a sixtyfold increase in resistance 



in the first instar larvae of the Liverpool strain {Fig. 
I)- 

Geographic Distribution of Resistant Strains 
Beetles were collected from host plants from 22 
different areas of Onondaga County fanning out from 
the Liverpool Golf Course. Three collections outside 
of Onondaga County included one from Waterloo in 
Seneca County, and two from Monroe County. One 
Monroe County site has a mixed population of 
Japanese beetle and the chlorinated hydrocarbon-re- 
sistant European chafer strain. The other site at 
Webster Beach Park, adjacent to the resistant area, 
has a mixed population of the two species, neither 
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Table 3.- Toxicity of chlorcWnc incorporated soil to chlonUnc-suiceptibic and resistant 
first instar Japanese beetle larvae. 



PPM (Mordant 
in soil 



Avg no. larvae 
surviving/container* 



% 
mortality 




.031 
.063 
.125 
.25 
.5 

1.0 

2.0 

4.0 





1 

2 

4 

8 

16 

32 

64 

128 

256 



Susceptible Strain' 



16.3 b 


18.3 ab 


5.7 e 


.3f 


Of 














Resistant Strain* 1 



22.1 a 
20.6 a 
14.9 be 
12.4 cd 
9.2 de 
1.6 f 

Of 










65.0 
98.2 

100 

100 

100 

100 

100 



6.8 
32.6 
43.9 
58.4 
92.8 

100 

100 

100 

100 



i'Ten containers of 30 eggs/treatment held at 25 C ambient, larval counts made when 
second instar larvae first appeared in untreated soil. Means followed by the same letter 
are not significantly different at the 5 per cent level according to Duncan's multiple 
range test. 

-2.' Based on Abbott's formula. 

— ' Beetles for obtaining eggs collected in Waterloo, Seneca County, New York. 

Af Beetles collected Liverpool Golf Course, Liverpool, Onondaga County, New York. 
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i'igure 1. Dose-mortality differences in susceptible 
and chlordane-resistant first instar Japanese beetle 
larvae held in chlordane incorporated sandy loam 
at 25 C ambient. 



being resistant to the chlorinated hydrocarbon insect- 
icides. 

When mature eggs were available from each lot of 
beetles, the eggs were placed in chlordanc-trcated and 
untreated soil for incubation at 25 C. Eggs from each 
location were placed in seven containers of chlor- , 
dane-treated soil at 4 ppm and three containers of 
untreated soil. As shown in Table 3, this dose of 4 
ppm was more than 10 times the dose required to 
produce 100 per cent mortality of susceptible grubs. 
As soon as the earliest first instar larvae had trans- 
formed to seconds, the soil from all of the containers 
at a given location was screened for the live larv;ic. > 
Table 4 indicates that a definite resistance to chlor- 
dane was present in beetles collected within a 2-milc 
radius of the golf course. The presence of resistance ( 
in three other sites, one within 2-4 miles and two 
within 6-8 miles of the golf course, is questionable 
due to the low numbers of larvae obtained in the 
untreated soils from these areas. However, since at ' 
least one normal larva was present in the treated soils, 



Table 4. -Geographic distribution of chlordane-resistant Japanese beetles in Onondaga 
County, New York. 1972. 







No. samples 


with 


susceptible or 


Radius from known 


No. samples 


resistant 1 st instar larvae* 


site of resistant 
strain (miles) 


beetles obtained 
from each radius 








Susceptible 




Resistant 





1 







1 


0-2 


6 


1 




5 


24 


4 


3 




1 ? 


4-6 


4 


4 







6-8 


3 


1 




2? 


8-12 


4 


4 







40+ 


3 


3 








_l' Seven containers of 30 eggs/treatment held at 25 C ambient in soil containing 4 ppm 
chlordanc, counts made when second instar larvae first appeared in untreated soil. 
Absence of larvae indicated susceptible strain. 



il appears likely that resistance is present beyond the 
2-milc radius. Figure 2 shows the area where definite 
resistance occurs as well as the questionable areas. 
None of the samples taken beyond the 8-mile radius 
showed any evidence of resistance. 

Field Control of Resistant Strains-Imrnediately 
upon determining the presence of the resistant strain 
m laboratory studies, field plots were established on 
infested turf at the golf course. Five materials were 
applied to 20 x 20 foot plots with five replications in 
a randomized complete block design. Treatments 
were made on April 28 during a cool (60*s) cloudy 
day when the soil temperature at the 1-2 inch depth 
was ()0 F. 

Kxaminaiions for presence of larvae were made on 
May 2(> by making five individual square foot diggings 
to a depth 4-fi inches in each plot. Samples were 




Figure 2. — Geographic location of chlordanc-resistant 
Japanese beetle population in New York. 



Table 5. -Control of chlordanc-resistant second and third instar Japanese beetle larvae. 
Applications made April 28. 1972; surveyed May 26 and June 13, 1972. Liverpool, New 
York a . 









Ave no 
1 ft. 2 sur 


larvae/5 












veys/plot" 


% 


control' 


Insecticide and 
formulation 


Lb Al 










/acre d 


5-26 


6-13 


526 


6-13 


Diazinon 


2G 


6 


2.6 a 


0.8 a 


97 


98 


Carbaryl 


5C 


12 


15.8 a 


8.8 a 


81 


83 


Chlorpyrifos 


22% EC 


2 


25.4 b 


11.0 a 


70 


78 


Chlorpyrifos 


0.5G 


2 


31.8b 


14.2 a 


62 


72 


Pirimiphos-ethyl 


2.1G 


2 


38.0 be 


11.6 a 


54 


77 


Chlordane 


10C 


1 


64.8 be 


40.2 b 


22 


20 


Untreated 







83.2 c 


50.2 b 


— 


— 



-3.' Plots 20 x 20 feet, five replications/treatment. 

_k' Means of each column followed by the same letter are not significantly different at the 

1 per cent level according to Duncan's multiple range test. 
SI Based on Abbott's formula, 
j!' Lbs/acre closely equivalent to ppm in laboratory tests on the basis of a 3-inch 

acre; PPM = Lb/acre; Lb/acre x 1.0421 = PPM. 
1.0421 
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taken inside a 3-foot border of each plot. Since there 
were numerous moribund larvae as a result of insccti- 
cidal poisoning, identical surveys were made again on 
June 1 ,'i. The results shown in Tabic 5 indicate that 
clilordauc showed no significant difference from (he 
untreated checks. The degree ol control was so low 
(hat evidence of resistance was definitely shown. All 
other compounds produced from moderate to accept- 
able levels of control with dia/inon providing the 
highest level of control. Because of the large varia- 
tions of larval recovery between plots of some of the 
treatments, large differences were required for signifi- 
cance. 

CONCLUSIONS 

On the results of the laboratory studies of first and 
third instar larvae and of field plots, the occurrence 
of a chlordane-resistant Japanese beetle population 
was clearly established. It is quite likely that there is 
considerable cross-resistance to the other chlorinated 
hydrocarbon compounds. 

The occurrence of resistance in this particular area 
is not surprising since dieldrin and chlordane have 
been distributed in this area during the late 1950's 
and early 1960's primarily for control of the Euro- 
pean chafer. The discovery of chlorinated hydrocar- 
bon-resistant Japanese beetles makes it the second 
species in the family Scarabaeidac following the 
European chafer known to have developed resistance. 
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Japanese Beetle 1 : Evidence of Resistance to Cyclodiene Insecticides in 
Larvae and Adults in Ohio"' 3 



H. D. Nifmczyk* and K. O. Lawrfncf 5 



Clilm cI.uk', aldiin, dicldrin. and heplachlor have been 
<im il extensively in protect lawns, golf courses, and other 
types of turf in Ohio from injury by Japanese lieetle, 
Fopillia jupVHttn Newman. Depending ii|>oii [lie rale. 
protection for :t or more years could lie obtained with 
these insecticides. Chlordane was tivd muh ssfully in 
(oiiliol Japanese beetle gtubs in the faint-ays of the golf 
course at The College of Woosier (CW) , Wooster, Ohio, 
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for about 14 years. In 1970, infestations of grubs were 
noted in the fairways in spite of the applications. Begin 
ning in the spring of 1970, the applications of chlordani' 
(S-8 lb Al/acre) were increased io 1 e.idt spting and 
fall in an effort to control the gtubs. However, samples 
taken May 25, 1972, ftom various fairways' of the golf 
course showed that a larval population of 10-20 fi- 
existed. The study reported here was conducted lit 
determine whether the poor contiol achieved could In' 
attributed to development of resistance to chlordane in 
the population. 

Methods and Materials. — Latval Trst, — On May 25, 
1972, samples of Srdslage Japanese beetle larvae nrte 
obtained from the top 2 in. of soil in a trealed fairway 
of CW, and from a turf area at the Ohio Agricultural 
Research and Development Center (OARDC) , Wooster, 
which had not pteivously been treated with cyclodiene 
insecticides. GLC analysis of samples from the top 2 in. 
of soil at CW taken at this time showed 2.10 pptn 
chloidane. These locations were about 2 miles apart. 



Table I.— Results or laboratory tests for esidente of resistance to chlordane in Srd-stagc Japanese beetle larvae 
from Wooster, Ohio. 1972. 
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Table 2.~Toxi(ily of 6 insecticide* to nduh Japanese beetle from 2 locations at Woosier. Oliio. 1972. 



■18-hr avg corrected* % mortalii y at indicated % insecticide concentration 
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Moiit silt loam soil, which by CI.C analysis contained 
an average of 1.78." ppm chlorinated hydrocarbon insecti- 
cides, was furtilicd wiiti 10% chlordanc dust to produce 
lite equivalent of 4 and 8 lb Al/acrc and was placed in 
covered 2x2-iu. metal containers. Using 1 larva/container, 
2" larvae each fiom OARDC antl CW wcie caged at each 
i, ill-. I lie check consisted of 25 larvae from each location 
i.tgcil in iinfoi tilled soil from (lie same source. A com- 
bination of redlnp glass, rye grass, and while dutch 
clover seetl (1:1:1 wt/wt) ivas mixed with all soil used, 
thus producing seedlings on which tile caged larvae 
could feed. The containers of lest insects were held in a 
lahotatoiy mainlained at 21±I.5°C. 

The condition of the lest insects was determined at 
3 to 4 day intervals by emptying the contents of each 
coittainei, adding seed atid water if needed, and returning 
the soil and insects to the containers. Corrections for 
<lieik mortality (4"; ) were made using Abbott's formula 
(Ahlxilt 1925) . The test for resistance was terminated 
as soon as lite 1st adult was noted (28 days). However, 
observations continued until all test insects had either 
died til developed into adults. 

Adult rest— Adult beetles from OARDC and CVV wele 
collet ted July 17, 1972, using traps baited with phenethyl 
propionate + eugenol (7:3 vol/vol) (McGovern et al. 
1970) . I lie lieeiles weic separated, caged according to 
sex and location, fed fresh sassafrass leaves, and condi- 
tioned al L*l»=t | ,.". °C antl 40*7% RH for 18 hr prior to 
liealmttil on July 19. Sloik solutions (1%) of the test 
insecticides were pupated from aualvlical or technical- 
grade materials (9H% curlMryl. 'HI"! diazinou, 60% chlov- 
ilaue. 9U'." aldiin, (SPS dieldrin, 99% hcptarhlor) using 
a liliMlllc- of acetone and olive oil. 19:1 (vol/vol) as 
the vilvent. Three rcplitatcs of 10 beetles (5 d", 5 S) , 
anesthetized with CO., were placed ventral side up on 
Ii I lot paper in 9-cm glass petti dishes. Each replicate 
was ipravcd with j ml of each insecticide in concentra 
lions of 0.0001%, 0,001%, 0.01%, 0.1%, and 1,0%. The 
iluiks lou.sisied of '1 sets of 3 replicates of 10 beetles 
("> n and !> ¥) from each location the 1st consisting of 
a random sample of unsprayed anesthetized beetles taken 
near < lie end of the lest, and the 2nd consisting of beetles 



sprayed with the solvent. The solutions were applied 
using a Potter Spray Tower generally modified as de- 
scribed by Harris and Mazurek (1964) . Fifteen sec wrte 
allowed for delivery and 15 sec for settling. The group 
of 10 treated beetles was removed from ihe petri dish 
and placed in a paper cup containing a slice of ripe 
apple. Ihe cup was covered with a metal screen and 
placed in the same room in which the insects wele 
conditioned prior to treatment. The number of dead 
and moribund beetles was recorded 24 and 48 hr after 
treatment. Corrections for check mortality (3.3% for 
both types of checks from both locations) were made- 
using Abbott's formula (Abbott 1925) . 

Results and Discussion. — The results of the larval and 
adult tests (Tables 1 and 2, respectively) clearly show 
a high level of resistance to chlordane. The adult 
beetles from CVV were also highly cross-resistant to 
aldrin, dieldrin, and heptachlor. Diazinon and carbaryl 
were equiloxic to adults from both locations. An exami- 
nation of ihe adult data taken 24 hr after treatment 
showed: (1) both sexes from both locations were eqni- 
susceptiblc to dia/iiiou and carbaryl: (2) both sexes 
from CW were equisusceptible; (J) males from OARDC 
were nearly twice as susceptible as females to the cyclo- 
dienc insecticides. 

Our studies were conducted concurrently with investiga- 
tions being conducted during the spring and summer of 
1972 bv Dr. H. Tashtro, Geneva, N, V. on a chlordane- 
resistaut strain of Japanese beetle near Syracuse, N. Y. 
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European Chafer:' Noncyclodiene Insecticides for Control of Grubs" 



B. J. l-io*!/ H. lAsiiiKo," G, I.. Mack/' V, R, rnym,' and M. McKm' 
C.cnria, Nch' York 11456 

ABSTRACT 



hi studies 111 iuic*li];alc tile effect hci less of new ill- 

mi linden. Hay 5739W </><ilivl 0(2.1.!iiiicliicHophciiyl) 
<ilivl|iliiK|>li(Hii)iliifKtir) gave "MMplfir control of larvae 

<•! .1 in /'In in, illtm tmijiiin (Ra/otmnmskv) ulleil !> (xiumls 
(«■) am- were cilhci incni |Hitalccl in llic soil or applied 
as .1 mm (.lie treatment. Aw i, assavs nf taiil sample* hoin 
lirlil plots slunvcd that inun jhii .iii'il compounds used 
;ii lit or 2(1 Ih/acic uiiuhl giw - in ,t wars nf control. 
ns|Hiliulv, in i-Malili-liol mil. In addition. Has 172H!) 



com rolled [he Japanese beetle. Pojnllia injnmira New- 
man, in :i mixed-field population of J a pa hoc beetles ami 
European 1 1 i.i fen almost as well as the chafer*. Other 
male-rials tested, tlia/iiion (slow -release anil regular formii 
laliousl . l)ifimau-« (f)-clliyl .?- phenyl elhylphosphouo- 
dichioatc) . American Cyaitiiiiiid IX 17011 (cyclic ethylene 
/'./•-diethyl pliosplioiiodilhioiiiiidocailHinalc). ami pro. 
puxur were 1 inferior in Hay .t72W>. 



I lie residual activity of die tvclodicnc insecticides 
diclclrin and alclriit was a great advantage in ton 
nulling hit-vac of llic European chafcT. Ampliimailon 
iiiiijnlfi (Ra/oumowsk\) . and llic Japanese hectic. 
t'tiftiilia ftttttmiia Newman. Applications could he 
made ill any lime when die ground was not frozen, 
and a single application provided a high degree of 
Minimi lor many years ((..amhrcll el a). 1968), There- 
fore, in view ol the restrictions on use of these 
inset lit ides and the |*«sihiliiy thai tfic insects could 
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become resistant, we invest igaied inseciicitles that 
coultl lie substituted, with the hope of delecting 
materials that would give a single season's control 
after either surface application to sod or iucot [Miration 
into the soil. 

Exri-Ri mi-ms ami Rksi its— / iiiiiimliity Sirrcnhin 
Trsls.—.\ large number of candidate insecticides weie 
screened at the European Chalet Investigations l,ah- 
oratory at Geneva. N. Y.. from I'Hil to 1967 oy in- 
cubating field-collected .Trd-stagc larval European 
chafers in nays containing 2(1 Hi of toxicant/Sin.- 
acre of Honeoye siindy loam soil (-( trays ol 25 larvae.' 
mixture). The trays were held at 21 'CI. seeded with 
redlop grass (lo provide I nod lor t lie larvae) , and 
watered as needed. Larvae were examined weekly 
for (i weeks, and dead larvae were noted and re- 
moved. Mixtures causing l(MI% mortality were tested 
for another 6 weeks with 25 additional larvae, and 
ihose retaining this level of i ox icily (American (a- 
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Table ].— Piritni rrititiut' <>t Ui-slage larvae of the European chafer in composite soil sample* utiu at inc reusing 
intervals from lield plots treated in 1966-67 with the indicated insecticides. 
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aiiamid CI.47031 (tylic ethylene P.Pditlhyl phos 
phonodilhioimidocarbonate) , Bay 37289 (O-ethyl O- 
(2,4,5-trithlorophenyl) ethylphosphonothioate) , pro- 
poxur, diazinon (regular and slow-release formula- 
tions), and Dyfonate® (O-ethyl S-phenyl ethylphos- 
phouotlithioate) ) were studied further. 

Toxicity of Residues Ist-Sfage Larvae.— To deter- 
mine the continuing toxicity of the candidate materi- 
als to Jst-stage larval European chafers, we tested 
the compounds as granular formulations (Table 1) 
by incorporating them in the soil during April 1966 
in twice-replicated, randomized Hoo-acre plots at 
Geneva, N. Y.; dieldrin was used as the standard, 
'lite insecticides were applied with a precalihrated 
spiT. icier to a held that ii.id been previously culti- 
tatecl. and they were worked 3 in. into the soil with 
,i mtotiller. Plots were not watered during the study. 
'Mien at 3.25. IS, 27 and 45 months past treatment, 
we removed fifty I%x3-in. soil tores from each plot 
and returned them to the laboratory where they were 
it>m|M>sited and screened to remove debris. The soil 
was then distributed into 4 or 8 clay pots, of 6t/ 2 -in, 
diam, and 25 or 30 chafer eggs were introduced into 
c;uh pot and covered with about 1 in. of soil. The 
|>ots were seeded with redtop and blue grass, held 
indoors in moist sphagnum moss at 20°C, and watered 
as needed. After 99% or more of the grubs in pots 
containing untreated soil had transformed to the 2nd 
stage, we examined the soil in pots containing treated 
soil and recorded the numbers of larvae present. 

Again, in May 1967, we established a 2nd set of 
plots and treated them (both .surface application and 
incorporation in soil) with the materials shown to 
he most effective in the 1966 tests. The 1967 plots 
were sampled al 2.5 and 15 months posttreatment. 

Table 1 presents the results of both tests. We 
obtained 14.3. 90.1. and 97.5% control from 20 lb/ 
acre of propoxur, C1.-I7031. and diazinon (regular 



formulation), respectively, in the 1st test at 3.25 
months, so we discontinued sampling these plots and 
have not included the results. Diazinon (slow-release 
formulation) at 10 lb/acre, Dyfonate at 5 lb/acre, 
and Bay 37289 at 2.5 lb/acre gave 99-100% control 
at 2.5-3.25 months past incorporation. Bay 37289 
incorporated at 10 and 20 lb/acre gave 100% control 
for 15 and 27 months, respectively, and complete 
control at 2.5 months after surface application of 2.5 
lb/acre. Diazinon (slow-release) applied at 10 lb/ 
acre, Dyfonate at 5 lb/acre, and Bay 37289 at 2.5 
lb /acre gave 62.9, 70.5, and 100% control, respectively, 
2.5 months after application to the surface. 

Initial Amounts Needed to Kill 1st -Stage Larvae.— 
To determine the amounts of Bay 37289, diazinon. 
Dyfonate, and dieldrin (control) required to kill all 
incubated lst-stage larvae and to determine the actual 
amounts of insecticide remaining after 27 months in 
the plots treated in April 1966, we subjected soil 
from these plots to chemical analysis in 1968. 

For the chemical analyses, aliquots from the 
27-month composite samples were removed after 
screening, slurried with water, and extracted with 
hexane. Required cleanup was minimal, and all 
compounds were completely recovered during extrac- 
tion. Also, by this procedure, we avoided extensive 
decomposition of Bay 37289 during air-drying of the 
soil before analysis (Anonymous 1965). A tritium 
detector was used to identify dieldrin and Bay 37289, 
and a flame photometric detector with a phosphorus 
filter was used to detect diazinon and Dyfonate. The 
gas-liquid chromatographic operating parameters were 
i/R-in. glass columns maintained at 200°C. Chlorina- 
ted compounds were resolved on 5% DC 1 1* on 
60/80 mesh Chromasorb* and phosphate on 2% 
Reoplex® on 80/10-mesh Gaschrom Q*. Peak areas 
for each material were standardized against the pure 
reference compounds. 



IliHH 



)(>( KNAI OK KlIlNdMli: KNIlJMUlOtV 



I'ul. fiS. m>. <) 



Table 2.— Residue* «f insecticides found in chemical 
analysis 27 month* after incorporation in soil and Ihe 
amount* needed in freshly prepared coil mixtures for 
100% control of Mintage larvae of European chafers. 
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Also, we prepared fresh soil-insecticide mixtures 
loniaining 0.2, 0.4. 0.6, 0.8, 1.0, 1.4, and 1.8 lb/3 in.- 
stcrc; then 2 days later, 90 embryonated eggs were 
intubated in ten (it yin.-diam pots of each mixture 
and intubated indoors at 28*C. The pots were seeded 
and watered, and toxicity to the larvae was deter- 
mined as previously indicated. 

Tabic 2 presents the results of the chemical analyses 
and the bioassays. Dyfonate, dia/inon. and Bay 
.17289 all gave 1007c control when they were applied 
at 0.8 lb/acre, and dieldrin gave equal control when 
it was applied at 0.6 lb/acre. The chemical analyses 
showed that soil treated with Bay 37289 (originally 
applied at 20 lb/acre) and dieldrin (applied at 2.5 
lb/acre) soil contained more insecticide than the 
least amount required to kill all larvae in freshly 
prepared soil-insecticide mixtures. In contrast, the 
amount of dia/inon and Dyfonate required to kill 
100% of the larvae (0.8 lb/acre) was not detected 
in any field samples, and, accordingly, complete mor- 
tality (Table 1) did not occur. 

Control of European Chafer Larvae in the Field.— 
In 1969, we made 2 studies to determine the amounts 
ol Bay 37289 and Dyfonate required to control newly 
hatching European chafer larvae in the held. In the 
1st study. Bay 37289 and Dyfonate were applied to 
20x20-ft turf plots in Webster, N. Y., at 2.5, 5, 10. 
and 20 Hi/acre during June, a time when the turf 
contained a mixed population of European chafers 
and Japanese beetles. Each material was applied in 
a separate 5x5 Latin square with a Scott* spreader 
as described by Tashiro and Fiori (1969) . The plots 
were watered immediately after application to wash 
the insecticide from the vegetation. Four months 
later, 10-ft samples 3-4 in. deep were taken from 
each plot, and the numbers of larvae were recorded. 
Since a mixed population of European chafers and 
Japanese beetles was present, we recorded the num- 
bers of both species surviving. 

For the 2nd test, the soil in 12xl2-in. clay pots 
was treated with Bay 37289, applied to the surface 



or incorporated, at 2.5, 5. 10, or 20 lb/acre at Geneva. 
Treatments were replicated 3 times. Pots receiving 
surface treatments had had turf established prior (o 
treatment, and those receiving incorporated treat 
ment were seeded immediately after treatment. All 
treatments were replicated 3 times. Then 6 weeks 
after the insecticide was applied, 10 S and 20 £ 
adult chafers were caged over the pots with conical 
steel cages. The numbers of surviving larvae per pot 
were determined 4 months after the adults were 
introduced. 

In the turf plots at Webster (Table 3) . Bay 37289 
gave complete control of European chafer larvae 4 
months after application of 5, 10 or 20 lb/acre, but 
complete elimination of Japanese beetle larvae re- 
quired 10 lb/acre. In contrast, 20 lb/acre of Dyfon- 
ate was necessary for 100% control of chafer larvae, 
but this amount reduced Japanese beetle larvae only 
by about 92%. 

In the test at Geneva, the European chafer larvae 
were completely controlled in ail treatments with 
Bay 37289. The controls returned an average of 
twenty-seven 3rd-slage larvae/pot. 

Discussion.— Although our tests showed that diel- 
drin is the most effective soil insecticide against 
European chafer larvae. Bay 37289 appears promising 
as a substitute. In the several field and laboratory 
tests we carried out, Bay 37289, when applied at a 
rate of 5 lb/acre between April and early June, gave 
complete control for I year, and 2.5 lb/acre applied 
during the same period killed about 95% of the 
subsequent larval brood. When Bay 37289 was in- 
corporated in the soil at 10 or 20 lb/acre, complete 
control of incubated larvae was still being obtained 
after 15 and 27 months, respectively. However, the 
results of this test (Table 1) also indicated that 
residues in plots originally containing 5, 10, or 20 
lb/acre of May 37289 began to lose their effectiveness 
at 12, 27 and 45 months, respectively, after applica- 
tion. Studies are being continued to determine the 
periods that control can be expected from the surface 
applications of Bay 37289 to established turf. 

The overall performance of Dyfonate, dia/inon 
(slow-release and regular formulations) , American 
Cyanamid CL-47031, and propoxur was inferior to 



Table 3.— Percent control* of European chafers and 
Japanese beetle larvae in field plots in Webster, N. V., 
4 months after surface applications of the indicated in- 
secticides. 
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tion 
(lb Al,< 


** coi 


trol of 




European 
chafers 


Japanese 


Material 


acre) 


beet les 


Bay S7289 15c 


25 


94.8 


83.2 




5 


100 


98.4 




It) 


100 


100 




20 


100 


100 


Dyfonate 10c 


25 





26.4 




5 


57,4 


13.8 




10 


93.6 


635 




20 


100 


91.8 



■ In the controb the average number of nuhs/IO'-ft sample per 
plot was 1.8 far the European chafer and 9. J for the Japanese 
beetle. Percentage* corrected by Abboit'i formula. 
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that of Bay 37289. However, Dyfonaie does appear 
promising for seasonal control, and the timing ol 
application is not critical, but surface applications 
become ineffective rapidly (Tables I, 3). Diazinon 
(slow-release and regular formulations) and Dyfoit- 
ate may provide control for a single season as sul- 
fate or intorporaird treatments if they arc applied 
in mid- 1 uly. 

AcKNOwiKWiMtNi.— We are indebted 10 the fol- 
lowing for assistance it) these studies: ¥. Consolie, 
Department of Entomology, and S. D. Gibbs, De- 
partment of Food Science and Technology, New York 
State Agricultural Experiment Station. 
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1972. uiijfttlili-lH''! data). The most prominent predators. 
(ii'mnris iili'iiii'iiu* (Say) i Heniipu-ra : l.ygaeidae I ami 
/.ii.uothilm sf. t Mciiiiplera : Anthncoiidacl api>ear to 
cuti riHlskkrahk' | irvKMirv on chilicll hug |>optilatioiK. 

('mitral. — Wlien southern chinch bug imputations reach 
damaging proportion^, application- "1 pc-tii ides arv the 
"lily reliable control tool at llif moment. Kerr i I966h » 
gave llrt.lil* mi effective insecticides ami methods to Ik 1 
used liy commercial operator-, and llrogdon and Korr 
ll'tftJi gave directions fur control Ivy home gardeners. 
Several material- provide excellent control including ; 
Akton" H'(2-ehloro-|.|2.5-dichloroph<nyl) vinyl) »',<•- 
■Ik'lliyl pho-phorothioalc I, carltophcnothion. chlnrpyrifns, 
diazimm, (ilii'iii, pro|x>xur, and propyl tl»ii>t>yr<i|dnisiiliaU*. 
These and sevcrjil others tvere kIuhvn to I*' wry effective 
against the miuiIhtii chinch hng by Rciuert (I972ul. 

Ilolh granulated and spray fun mi la I ions arv effective, 
lint most commercial lawn |>cst control i> done Ivy spriiy- 
ing. Urcnching sprai- >>( ai least 15 gal'llKX) ft' arc 
essential I" achieve control in thick, southern |-'li>rida 
lurf lliatches. 

H.\!H\ Ciiim I! Bo; 

Hitmi<mie*,—Crw. and Stmt ll''7j) have reveiuly 
studied tlie bionomics and (population dynamics of R '. 
Iiirlus. Their findings in New Jersey are probably rep- 
resentative "f inneh <it that section of the Eastern Sea- 
hoard. Hairy chinch bugs feed on l*-ntgrasses, blue- 
grasses, fescues, and have become serious (irohlems on 
/.oysiagras»cs where the latter have Iwen planted exten- 
sively. 

These chinch bugs overwinter as adults in protected 
places like tufts of grass, under plant debris, and in 
dense thatch. Hibernation did not end until the last 
week in May in the New Jersey study. There are 2 
generations a year, with peak |x>pulatinus in September. 
The time from egg to adult was estimated at about 43 
days in the field. Tlie mean number of eggs laid was 
54/female with 1.56/day. 

Cru7 and Strcu collected a large predator fauna in 
tnrfgrass. and found H sjpecies of arthropods which fed 



on early stages of H. \. hi'lus in the laboratory. Studies 
so far indicate that predatory mites and <,V.v."i,r hiillntus 
(Say! (Hefliiptcra: l.ygaeidae 1 are of importance in 
regulating hairy chinch hug populations. 

Contrtil, — Many insecticides can provide excellent con- 
trol of the hairy chinch hug. Strcu and On* lW2) 
achieved season long control with 1 application \A chlor- 
(tyrifos. Studies in New Jersey and elsewhere have shown 
excellent control with carlKiphenothion. etliiou. carharyl, 
propylthioovroiihosphate and others (Schread 1970. Pol- 
ivfca 1963. Strcu I^V). 
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BIONOMICS AND CONTROL OF ROOT FEEDING INSECT PESTS: GRUBS AND B1LLBDGS 

bv Hari'o Tashiro 



White grubs and allies i Scaralweidae) ( Ritcher 1966) 
and s|>ecies of Sphnwf'lioritt and llyferndes (Curcu- 
lionidael are the n«)st destructixe below-ground turf 
insects. Scarahaetd grubs are general feeders oi fibrous 
r'Xits; adults are generally voracious foliage feeders. 
Rillhug larvae destroy roots of grass plants, while adults 
are generally voracious foliage feeders. Billhug larvae 
destroy roots of grass plants, while adults feed and ovi- 
posit in the stems of the same plants. 

Similarities in I lie damage caused by these two groups 
are su|>crfkial. as both cause turf to die through root 
destruction. Similarities end here. Most scarabaeid grubs 
damage lawns during spring and fall leaving the surface 
soft and sjumgy as the fibrous roots arc consumed. 
Severely damaged turf, even though still green, can usually 
be rolled back like a rug. Miltbug damage occurs during 
niid-sumnicr as the larger larvae leave the grass stems 



to feed on the crowns and roots. A spongy surface does 
not occur and the turf cannot be easily peeled. 

Scarabaeid Gribs 

Xatkv Grubs.— The most numerous and widespread of 
turf pests. Phyllophaiia spp., occur throughout the U.S. 
and Canada but most commonly in the north central 
states to the eastern seaboard (Luginbill and Painter 
1953). Of some 150 species, P. anxh (LeConte), the 
most widespread, is recorded from all but 5 of the 48 
contiguous states. A 3-year life cycle is the most com- 
mon among Phylfafhttfia spp. Individuals spend 2 winters 
as a grub; the first as a 2nd stage larva and the second 
as a 3rd stage larva. A pre-emerged adult hibernates 
the third winter and emerges the following spring to 
feed and lay eggs (Hammond 1940'). 

Important native white grubs with 1 year life cycles 
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arc llw nmlhcp'ii masked chafci. < v. /". r/'/m/ii hnirnlis 
\ir,,u, llic sniithciii masked chain. I mint, i, itliit.i 
llllm-! i, .mil tile green .1 tliit- Imllc. (,'tini.i iiitiiiu 
r Liiiiii -.iii- I Tlio grub of the latter has an unusual habit 
hi crawling central side uii. 

Iiifr'tliiti't (iVn/i.f.— lni|Birtaiil im induced grubs in- 
tliirtt- : lltr Japanese hectic, f'uftttiit faftwky Newman, 
the Kiirn|x-aii chafer, Aiii('lniii,ilU'ii iiuinilix Kazuumow- 
sky: the oriental beetle. .Iufimi4a ttt&fttttia Wiilerlimtse; 
ami I Iw Vsialic garden Itecllc. M,il,i,l,m ritdittitAt Arrow. 

Hi, 'ii. ■mi, i .■( Ii*- Juf'tvi.-i,- H,-,-t/,- The wide distrihu- 
iniu, Im*-I i.ingc ami damage caused l>y j»i lid-* and adult* 
make Ilu Japanese beetle one 'ii ihc most destructive 
insects in tin t'.S. I Heming l')7Ji Ii incurs in Ontario. 
Canada ami in every state east "i I he Mississippi River 
except I'lnrida, Louisiana, Minnesota and Wisconsin. 
I LSI> \ Japanese rii'vtlr (Jtiaraulines, Revised Jan. 2-1. 
1'>72> ll nvn winters picdumiii.iiilly as ,nd Stage grubs 
Ik'Iiuv ilu- m.si line, resumes Iridium near the soil sur- 
l.ui' dm mt sj.iiiig. anil pupates in laic p-piinjl anil early 
Minima- I '.cities tly during Harm sunny da> s mainly in 
Inly and \itgiist. when liny feed atnl mate mi host 
plains Iteioie returning In I lit.- soil in lite evening to 
in ipu-il 

Till' la -I ran|*c Uj till' beellc includes Mime .100 plants 
with grape-, mscs, [teaches, apples, and maples |ircferred. 
I'.v fall lli< (jr«hs are predominantly .'id stage amf feed 
vigorously uiuil enld weather (intents tlii'tn Iilln liihcnui- 
tinn Turf damage is greatest during fall and spring 
when tlie large gruhs feed just Ik'Iow lite soil surface. 

I luring a series uf dry summers, eggs desiccate rcslllt- 
inn in diiiiinislied larval |iiijnilatniiis. A series t»f wet 
summers produce a resurgence of high imputations 
through greater egg survival. Copulations nf tlie Jap- 
anese lieetle and (lie Kuro|teati eliaier have increased 
dining the past 2-.1 years inr I he same reastm. 

\,iliu;it /.iiimnw. — Several biological agents reduce 
Japanese lieellc imputations. Milky disease caused hy 
Ititfitltt* fpfitiim? Dulky and /'. 1,-iitiinnrlms Dutky are 
very effective pathogens nl Japanese beetles in the more 
southern arias Various strain-, ni cilher hacteria such 
as ,w.rm. lurli.nhi, (~\<i*itfrfihdtil and . hiif>liiiiiiill»H infect 
"liter spicies in (jiiihs a.s the name- imph. I'hese are 
ideal msec! palltngens siih'i' die resisianl s]Hires lie ilnr- 
iii. mi in ilu -nil until ingested In ltn»1 gruhs. Once an 
epi/mitic develii|is the sml hemmes heavily charged «ith 
s|»n-es ami the c Sled ii cue ss nf ihe disease is heightened 
iiitlntut furiher artificial iinntilaliims. 

/ tplii,i tvritiili.t Kohrtcr ami '/ pnptlln-nrit Knhwer 
intniduccd from the Orient are highly effective liymeu- 
u[iterniis parasites nf the Japanese heelle gruhs : native 
specie- of / r/i/iiii parasitize native gruhs. 

I'll ils and mammals. namcK -knnks. mules anil shrews 
lied on gruhs The mammals ma> cause more damage 
In die tun' hy their nutting and humming activitie- 
than the illst«ris dn. 

Si'iiiiil'iii'iil <,rith i'milrnl.— 'I'lte pnpulatioi) levels nf 
si'atal>.ieid gruhs ihat justify treatments is a ditiicult 
ilici-iuii tn make. In New Yurk. (W suggest treating 
when there .nr I nr mure gruhs per sipiare tiKit of siiaisc 
laiMi nr 4 or mme nf vigormis lawn. I'igures range from 
1 in 5 while gruhs jut sipiare tixtt frutn various areas 
llirnughniit the eouiilry. The chlorinated liydrocarlmn 
insecticides made uruh cnnlnil an extremely erticient 
practice \ single ap|ilicalii>u pnnided Ml to I? years 



of protectiun. In recent years it wan sltmiu that dieldriti 
ai 11.5 lh and chlordane at •• Ih )vrr acre, a sixth anil 
alxtut halt, ii-sitectively. of previous recoiiunei illations, 
cniitrolteil Japanese heetk* and Kuroiteaii chafer larval 
|«jptilatii>iis fur at least 5 seasons ( Lnpuhlislied data). 

Chlorinated hydriKarlxiu resistant Kuroiwan chafers 
near Rueliester. \ Y. i T.isliiro ft til. 19711 and the con- 
current discovery of similar resistance in Japanese beetles 
during April l l >72— in l.iventoot, N'eiv York ( Tashiro 
anil N'euliauscr l°7.1l and in Wooster. Ohio ( Xiemrzylc 
and Lawrence 1"7^) plus legislatiM' actions against these 
ciimiwuiids cumiilicates the cnntiul ot (liese larvae. 
Where resistance ucnirs. drajtilKifl and chlorpyrifos are 
the most effective available materials. These insecticides 
must lie used annually anil lie critically-timed tn coincide 
with presence of young gruhs. 

In Texas, rhylliipluni,! frikittt Rurtneister i* develo()ing 
resistance to the chlorinated hydrncarlioiis and diaitnou 
is the preferred replacement compound ( l-'rankie and 
llammaii l'>7.'l. 

Bu.l.lil Bit 

The two urns! iiouhlesome sinvies are the hluegrass 
hi II hug. SfluiifflnTiiy fiimilnx (iyllenlial. which attacks 
cool season grasses (namely hluegrass I. and the hunting 
hi II bug. i'. ; riMfii.* 'i:<ti!ii.i Cliittemten that attacks warm 
season grasses, namely, zoysia and Itermuda. Roth speeies 
are widespread. The hluegrass hiilhug is troublesome 
across the northern half of the nation while the hunting 
hiilhug is more common in the southern half and Hawaii. 
In New York, the former suddenly became a serious turf 
[test in the Rochester area in 1967 ( Fiori rl nl. 1968) 
m the same area where the chlorinated hydrocarbon re- 
sistant KuroiH-aii chafers occurred. This problem largely 
disappeared within i years. 

/Vfr'iiotniV.v i 1 / Hilltniti.t, — Adults overwinter in protected 
areas anil emerge during the first warm days uf spring, 
Tlicy feed and de|«isil eggs in stems just above the soil 
surface. Young larvae feed in the stems, but later stages 
migrate to the soil and feed on the roots, crown and 
rhizomes producing trass sinierficially resembling fine 
sawdust. Larval growth is completed during summer: 
they pupate in the soil and tjecome adults before fall. 
Hluegrass hiilhug adults seem to wander aimlessly on 
pavements adjacent to lawns mi warm sunny fall days, 
apparently in search of hilx-rnation sites. 

HiUhiui ( "i 'it I'd •!.— -l)iaziiiiiu. carharyl and chlorpyrifos 
are effective coinimunils. In New York we are recom- 
mending a tune to early July application when an aver- 
age of one adult |>cr minute is seen on adjacent paved 
surfaces. 

Tl'HFCRASS WEfcWL 

// y/vrnrfrj spp.. are not a billbug. hut their life cycle 
and damage caused are similar to that of the hluegrass 
billbug. Annual hluegrass on Long Island and adjacent 
areas is damaged: large patches of turf are killed in late 
May and early June (Cameron and Johnson 1971). 
Diazinon and chlorpyrifos are effective when applied in 
mid-April and again in mid-May. 
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Toxicity of 6 insecticides to cyclodiene-susceptible (S) and 
cyclodiene-resistant (R) 3rd stage larvae of the Japanese beetle 
from Wooster, Ohio - 1974. 







48-hr avg. corrected-/ % mortality at 
indicated I insecticide concentration 
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a/ Mortality figures corrected for check mortality by Abbott's 
formula. 
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Susceptibilities of European Chafer and Japanese Beetle Grubs to Chlordane 
and Dieldrin: Suggesting Reductions in Application Rates 1 



H. Taskiw and B. J. Fioki* 
ABSTRACT 



Laboratory tests were conducted to compare the rela- 
tive susceptibilities of the European chafer, Amphimailon 
majalis (Razoumowsky) , and the Japanese beetle, Popillia 
japonica Newman, as 1st- and 3 insur larvae to chlordane 
and dieldrin. As 1st inslais, it required >1.46 ppm chlor- 
dane and 0.84 ppm dieldrin to eliminate the chafer 
compared with 1.25 ppm chlordane and <0 2l ppm 
dieldrin to eliminate the Japanese beetle. Grubs were 
more susceptible at fluctuating temperatures than at a 
constant temperature. As 3rd instars, it required 1.6 
limes more chlordane and 2.3 times more dieldrin to 
produce comparable results in the European chafer as in 
the Japanese licclle. 



Lawn plots harboring mixed populations of the 2 
species were treated with 4 levels each of chlordane and 
dieldrin during June 19(58. Fall surveys 4 months later 
showed that both species were equally susceptible to 
dieldrin. European chafer grubs were more susceptible 
to chlordane than Japanese beetle grubs. From the 
results of I season, it appears that rates of application 
for protecting lawns against grub damage can be lowered 
from the currently recommended 11.2 kg/ha of chlordane 
and 3.4 kg/ha of dieldrin (equivalent to 10 ami 3 
lb/acrc, respectively) to 41 and 1.1 kjf/lia rales (equiva- 
lent to 4 and 1 lb/acrc) for both six-ties. 



In spite of the ever increasing restrictions being 
plated on the use of cydodiene insecticides in agri- 
iiilttue, iii all probability some of these compounds 
Hill loiiiinuc in use Tor an indefinite future, particu- 
l.uly ,ij;.iiiisi non agriiultural pests. As yet no equally 
i-ttcilitr substitutes for chlordane and dieldrin have 
been found for controlling scarabacid grubs in turf. 
One method of partially decreasing the primary ob- 
jection to these compounds, that of long persistence, 
could be accomplished through significant reduction 
in the initial rates of application. 

The initial recommendations of 22.4 kg of chlor- 
dane and 5.6 kg of dieldrin/hectare (equivalent to 20 
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and 5 lb/acre) for control of ihr Hiirop'-ari iliafri, 
Amphimali'in majalii (Ra/oitmowsk y) , wi< - liavi! 
partially on the knowledge that 3id imlar t-r nli-. of 
the chafer were more difficult lo kill than iIi'fm- ol ihr- 
Japanese beetle. Fopillia japoniia Newman, and pai 
tially on the necessity for virtually climinaiiii", m, i ■■!>-. 
to satisfy quarantine regulations. Subsequently, rates 
were reduced to 11.2 and 3.4 kg (equivalent to 10 and 
3 lb, respectively) . to coincide with recommendations 
for the control of the Japanese beetle when tesLs indi- 
cated that the lst-instar chafer grubs were nearly as 
susceptible as those of ihe Japanese beetle. However, 
data were obtained at 2 different laboratories (on ihr- 
Japanese beetle at the F.ntoniology Resrarili Division's 
Japanese Beetle Laboratory, Moorrslown, N. J., and 
on the European chafer at tin- New York Stair- Agri- 
cultural Fxperimcnt Station, Oneva) where i.ondi 
lions at the 2 laboratories wire known lo be (list 
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similar. Consequently, knowledge of the relative sus- 
ceptibilities of the 2 species continued to be only 
(initially resolved. 

More recently, we have been able to compare the 
susceptibility of 1st- and Srd-instar grubs of the 2 
species to diloni anc and dieldrin by simultaneously 
exposing grubs of both species to identical test pro- 
cedures. Moreover, lawn plots containing mixed 
populations of the 2 species were treated with insecti- 
tule* and have been sampled to obtain data on the 
relative susceptibilities of the grubs in the field. This 
paper summarises data obtained in laboratory and 
held studies on the relative susceptibility of grubs of 
the 2 species, and suggest* that lower rates may be 
used for lawn protection where quarantine regulations 
do not apply. 

Methods ani> M \iv.R\\ui.— Laboratory Tats. -Tox- 
icity tests on 1st- and Srd-instar grubs were conducted 
in the laboratory by infesting insecticide-treated soils 
with mature eggs or grubs, Chlordane and dieldrin, 
\0% c, were thoroughly incorporated into moist fri- 
able Honeoye fine sandy loam that had previously 
been passed through 2.56 mesh /cm screen to remove 
debris. At the time of incorporating insecticides, 
seeds were also added to germinate and provide food 
for the grubs. Red top and bluegrass seeds were used 
for Ist-instar tests and domestic rye grass and sweet- 
clover seeds for Srd-instar tests. The number of sur- 
vivors was determined by passing the soils through 
screens to recover the grubs. 

Firstlnstar Tests.— Beetles of each species were held 
in friable soil to obtain eggs. Tests were conducted 
by introducing eggs into 14-cm clay pots containing 
insecticide-treated soil to about 2.5 cm from the top. 
Prior to filling a pot, a fine plastic screen was placed 
over the drain hole to prevent grubs from escaping. 
Insecticidal levels in soil included 7 concentrations, 
0.21-1.46 ppm, chlordane (AI) and 5 concentrations, 
0.21-1.04 ppm, dieldrin (AF) with 0.21 ppm incre- 
ments of each insecticide. At each concentration and 
with each species. 30 eggs were introduced into each 
of 14 pots; 7 of these were held indoors at a constant 
soil temperattire of 21 "C, and 7 were held outdoors in 
a coldframe where they were subjected to daily fluctu- 
ations in temperature and other weather conditions. 
The average outdoor soil temperattire was ca. 18*C 
(range M.4-25.6*€g . With the pois plated in ml li- 
ra led peat both indoors and outdoors, very little 
watering was necessary to prevent drying of die soil. 
When !W+% of the grubs in the untreated controls 
had transformed to 2nd instars (about C weeks after 
introducing eggs) pots were examined for gTub sur- 
vival. 

Third ItiUar Trsts.- Fickl-rollrctctl 3rd instar grubs 
of the 2 sjM'iies were introduced into soils treated at 
mm cut rat ions of 1.0. 2.1, 4.2, and H.t ppm chlordane 
(At) and 0.5. 1.0. 2.1, and 4.2 ppm dieldrin (AI) . 
Forty grubs of each species were introduced into each 
of I wooden Irays (27x27x7.5 cm in) nearly filled 
with soil giving four 10 grub replicaies/trcaiment. 
Grubs were placed on ihc soil surface and permitted 
to burrow into the soil on their own accord. All trays 
Krtf held indoors at a constant soil temperature ot 
2I*C Examinations Were matte at weekly intervals 
for 5 weeks by .suectiing the soil* to recover the grubs 
and returning them for limber ex|Kisure in the same 
soil. 

Field />>/' l.awu plots established on Eel sill 
loam at Webster I'.nk. Wehsier. N.V. June 17. I Out*. 



in an area known to have supported moderately high 
populations of European chafer grubs for at least 6 
seasons and relatively low but increasing populations 
of Japanese beetle guilts. Applications of 10% « were 
made on the l.iwn with each insecticide. Chlordane 
was applied at rates of 0. 1.1, 2 2. 4,5, and 9.0 kg AI/ 
ha and dieldrin at rates of 0, 0.6, I.I, 2.2, and 3.4 kg 
Al/ha. Each insecticide was distributed in 6.1x6.ini 
plots arranged in 5x5 Latin square design. A 0.6-m 
Scott's spreader {Model no. 75-3. O, M. Scott fe Sons, 
Marysville, Ohio) was used to spread the insecticides 
over the entire plot once. The entire volume of each 
prcweighed amount could not be delivered through 
the spreader. Therefore, residues were permitted to 
fall into a trough attached to the bottom of the hop- 
per and were then transferred to a targe salt shaker. 
The amount in the shaker was then distributed over 
the entire plot to give as even a distribution as pos- 
sible. After application each plot was watered to wash 
the insecticides off the vegetation. 

Grub populations present in ea<h plot were deter- 
mined Oct. 1 (± I day) 4 months alter application. 
Ten diggings of 0.1 m* were made in each plot to a 
depth of ca. 15 cm. Diggings were evenly spaced on 
a diagonal from the SW to the NE corner of each 
plot (Fig. 1) . Precise and uniform positioning of 
these diggings will permit surveys in subsequent years 
without sampling areas previously dug. Grubs from 
each d-gging were placed in a shallow tray containing 
a little soil to reduce cannabalism and were identified 
in the field by their rastral patterns (Fig. 2) using a 
lOx magnification of a stereomicroscope. 

Results.— First-lnstar T«tr.— First-instar European 
chafer grubs were more difficult to kill than Japanese 
beetle grubs (Table 1). Elimination of chafer grubs 
was not achieved with 1.46 ppm indoors (the highest 
level used) but was achieved with 1.25 ppm outdoors, 
while Japanese beetle grubs were eliminated with 1.25 
ppm indoors and with 0.63 ppm outdoors. Chafer 
grubs were eliminated with 0.84 ppm of dieldrin in 
doors and with 0.21 ppm outdoors, while Japanese 
beetle grubs were eliminated with 0.21 ppm (the 
lowest concentration) under both conditions. Grubs 
were slightly more susceptible at fluctuating tempera- 
tures than at a constant temperature, even though 
the average trmpcraiurc outdoors was lower than the 
Constant indoor temperature. Fleming ft al. (I!)0?) 
showed dial the estimated requirements to eliminate 
newly hatched Japanese beetle grubs varied from 0.13 




Fie. I — Method of sampling in each pint. Soil cut to a 
depth of IS cni around each 0.1 m s Itoau!. Precise lora 
lions of sampling units hill permit sampling undisturbed 
toil [in sevei.il \cars. 
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Kit.. 2.— Rasters used as identifying characters of larvae, 
garden beetle. 

10 2.21 lb of chlordane and 0.1 1 to 1.26 lb o{ dieldrin/ 
3 -in. acre depending on the 9 or 10 sandy to silt loam 
soil types and series involved. This fact emphasizes 
one of the complexities in soil-insecticide relation- 
ships. 

Thirdlmtar Tests.— Toxicity of chlordane and diel- 
drin to 3rd-inst»r grubs showed that the European 
chafer grubs were more difficult to kill than Japanese 
beetle grubs (Table 2) . With both insecticides, mor- 
tality of chafer grubs was lower than that of Japanese 
beetle grubs in 17 out of 20 possible comparisons. At 
insecticide levels and exposure periods where direct 
comparisons can be made, it required up to 2 x more 
chlordane and up to 4x more dieldrin to produce 

Table ].— Relative susceptibility of iM-inMar grubs 
of the European chafer and the Japanese beetle to 
chlordane and dieldrin incorporated into mineral soil. 







Avg 


% morta 


ity of 1st- 








tnstar grubs'- ( 










Outdoor 






Indoor, 


fluctuating 


Insecticide 


Ppm AI 


constant 21°C 


145-25.5° C 


and 










formulation 


in soil* 


EC 


JB 


EC 


JB 


Chlordane 10c 


0.21 





56 


16 


67 




.42 


54 


92 


71 


97 




.65 


68 


96 


97 


100 






77 


100 


99 


100 




1.04 


88 


99 


94 


100 




1.25 


93 


100 


100 


100 




1.46 


96 


100 


100 


100 


Dieldrin 10c 


.21 


80 


100 


100 


100 




.42 


97 


loo 


100 


100 




.63 


98 


100 


100 


100 




M 


100 


100 


100 


100 




1.04 


100 


100 


100 


100 


No. 


alivt in 


xmtrtatet 


controls 






Chlordane tests: 




81 


75 


69 


75 


Dieldrin tests: 




145 


98 


119 


91 



« 21-1 46 ppm rquiv»lrnt to 0.2-1.4 lb/S-inch acre. 
> K (' -: tur.n*»n Lhnlrr; .1 B = JipjnMC brrtlr. 
■ ~\ m>iiiUlt l>*«rtl i»n sjwt'l liwmiili. 



A. European chafer, B. Japanese beetle, and C. Asiatic 

the same results in chafer as it did in Japanese beetle 
grubs. 

In a more precise comparison, by graphing mortal- 
ity percentages against insecticide levels on log prob- 
ability scales for the 4-week interval, estimates of 
LDao concentrations of chlordane were 2.15 ppm for 
chafer grubs and 1.33 ppm for Japanese beetle grubs, 
a ratio of 1.62:1. The LD» concentrations of dieldrin 
were 2.40 ppm for the chafer gTubs and 1.04 ppm for 
Japanese beetle grubs, a ratio of 2.S2: 1. 

Field Tests— Surveys made 4 months after applica- 
tion revealed the presence of mostly 3rd -instar grubs 
of both species but reflected the survivals following 
insecticidal activity on lst-instar grubs. Judged from 
surveys made on the previous generation of grubs, the 
native populations were expected to be roughly com- 
parable for the 2 species. In addition, a light popu- 
la t ion of the Asiatic garden beetle, Mnlndern Costarica 
(Arrow) , and a scattering of native white grubs, Pltyl- 
lopltaga spp., were expected. However, from the den- 
sity of Euro|>ean chafer beetle flights which were seen 
during early July in the immediate vicinity of the 
plots, and the lack of Japanese beetle adults during 
early August or evidence of their feeding on sur- 
rounding vegetation, we expected a heavier popula- 
tion of thaler grubs tlian Japanese beetle grubs. It 
was thus a surprise to find that there was about 5x 
more Japanese beetle grubs than thafer grubs in the 
untreated plots. Results with (hlonlaiic imlitaled 
that chafer grubs were more easily killed than Japa- 
nese beetle grubs, a totally unexpected result (table 
3) . For protection of lawns even the 2.2 and 1.5 kg /ha 
levels were considered sullicienl for controlling at 
least I generation of both species. Dieldrin provided 
equally good control of both species. The 0.6 kg level 
gave satisfactory turf protection against both s|>ecies 
for 1 generation. The Asiatic garden beetle averaging 
10 and 28 grubs/0.1 m" was highly susceptible to both 
insecticides. All the grubs were killed in all except 
the 1.1 -kg chlordane treatment, which provided 94% 
control. 

Discussion.— In laboratory tests both 1st and 3rd 
instar grubs of the European chafer were more diffi- 
cult to kill than Japanese beetle grubs in the same 
stage. It required roughly twice as much r»l afctli 
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Table 2.— Relative susceptibility of Jrd-lnttar grata of the European chatter and the Japanese beetle to chlordane 
and dieldrin incorporated into mineral toil. 



Insecticide and 
formulation 



Ppm AI 
in soil' 



Chlordane 10c 



1.04 



4.18 

836 



Dieldrin 10c 



1.04 



4.18 



Grub" 



EC 

IE 

EC 
JB 

EC 

Ic 

EC 

KC 
JB 

EC 
J" 



Avg % mortality in weeks exposure* 



I 
1 
1 

2 
7 
8 
IS 

3 

3 

18 
1 

12 
4 




13 
16 
31 

38 
53 



25 

21 
24 
21 



5 
25 
28 
54 

77 
65 
8!) 

1 
II 

4 
56 

9 
46 
51 
66 



No. alive untreated controls 
159 152 151 
137 130 126 



10 
37 
01 
84 
78 
90 
94 
95 

8 
23 
10 



92 



149 

121 



16 
56 
76 
94 
91 
95 
96 
98 

9 

56 
26 
92 
50 
83 
95 
100 



144 
114 



■ 1.52 8 S6 ppm eiinivjli III lo IS lli/J-ni. mt- 
HC: turuixan ilialer; J B = Jap.liutt' Utile. 



* Incubation at ronitanl soil u nij'fi ji li re of 21 

* % murlatily based un Abljml's li'iniuta. 



insecticide to produce comparable results in the dialer 
as in the Japanese beetle grubs. 

A dissimilar situation occurred in the field plots. 
Chlordane was more effective against the chafer than 
the Japanese beetle, and dieldrin was equally effective 
against both species. These differing results between 
laboratory and field tests may reflect the influence of 
larval habits. In laboratory tests, the entire soil mass 
inhabited by the grubs had an equal concentration of 
the insecticides. In the field tests, insecticides were 
applied to the surface and were consequently concen- 
trated near the surface. Therefore, the apparently 
greater susceptibility of European chafer grubs to 

Table* 3.— Relative susceptibility of European chafer 
.nil) Japanese beetle grub* to chlnruanr and dieldrin in 
ticlil Itirf plot*. Applications made June 17, m.veyeil 
Otiolx-r L, .* ] day. Wtlwtler Park, WHmHt. N. V. lOtiK, 







At. nn. grubs 
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).l in" 








sail 


pies' 
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plttl"' • 


"o control' 1 




Kr \1 

/ha" 

0.0 








formulation 


EC 

46.8 a 


JB 


EC JB 


till lindane 10c. 


78.6 a 






1.1 


5.1 1) 


35.8 b 


88 53 




'> *» 


5.0 b 


1.18 c 


88 82 




4.5 


3.0 b 


11.4c 


93 85 




9.0 


0.0 b 


0.6 c 


100 99 


Diclitriu )0c 


.0 


17.0 a 


81.2 a 






.6 


6 b 


2.4 b 


97 97 




I.I 


^b 


1.8 b 


99 98 




■ > <> 


.2 b 


3.8 b 


TO 95 




3.4 


.0 b 


.0 b 


100 100 



•0 6-9.0 kg/ha crtuivaleni lo 5-8 lli/airc 

» Meant in each inliimn for each imvit'cidr noi followed by 
umr Inter are lixtiilieani ly different at 1% level according to 
Oilman's multifile range 1ml. 

' V. V. = r uriHH-an iliatrr: J B = Japanese beetle. 

* ll-m-il on Abbott's titrmiila. 



chlordane in the field may indicate a difference in 
larval habits. If Istinstar European chafers arc more 
active than Istinstar Japanese beetles and feed more 
often very near the soil surface, these seemingly con- 
tradictory results become more understandable. 

When we consider that surface applications of 
chlordane at 10 lb. acre has given 92+% control and 
dieldrin at 3 lb Mere, has given 100% control of Euro- 
pean chafer grubs for 8 successive seasons with no indi- 
cation of diminishing activity (Gamhrcll et al. 10(i8) , 
it appears thai ilie presently recommended rates of 
application are considerably in cxtcss of requirement 
necessary lo give 4-5 years' protection lo turf. Surface 
applications of 2.2 kg i Mordant' and il.fi kg dieldrin/ 
ha gave adequate protection ol tuif against both 
s|niie>i Ini a single season, li is leastmahlc lo expert 
lb. it (.ft I- of ilie funnel anil II kg of the latter 
(eijun ah in in I and I lb. respectively) , will give 
miIIu it'tit i;rub nun vol for tuif protection for ,M 
seasons. I ollou-up sune\s in these plots for the next 
2-S sears should give us a definite basis for the pos- 
sibility of lowering the dosage schedule and thus par- 
tially resolve the current objections against the use of 
cyelodiene insecticides. 
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